Objective: Neural tube defects occur in approximately one in 1000 live births in the US. Myelomeningocele (MMC) is the most common and severe form of spina bifida aperta. In this study, we present a surgical modification of the bilateral fasciocutaneous rotation and advancement flap technique in MMC patients.
INTRODUCTION
Neural tube defects occur in approximately one in 1000 live births in the US. 1 Failure of fusion of the vertebral arches during primary neurulation at 18-28 days after fertilization seems to be responsible for these kinds of defects.
2 Myelomeningocele (MMC) is the most common and severe form of spina bifida aperta. The etiology of neural tube defects can be genetic, environmental (geographical conditions), social (low socio-economic status), and folic acid deficiency. The main objective in closing MMC defects is to preserve the function of the neural tissues and to prevent secondary infections. 3 Many techniques have been described to close these defects, including primary closure or composite soft tissue transfer. This variety of surgical approaches is the result of the anatomical factors such as localization and size of the defect. 4 There are two main goals when closing these defects. The first is to provide a generous, durable, and tension-free soft tissue and skin coverage over the repaired dura. This is especially important to minimize the risk of cerebrospinal fluid (CSF) leakage and infection. The second is to restore the natural soft tissue contours and to minimize morbidity secondary to the local rearrangement of the muscles and soft tissues. 5 Generally, the musculocutaneous and random, or perforator-based fasciocutaneous flaps are regarded as robust and reliable. The integument situated between the iliac crest and the costal margin has the potential of a versatile flap (with blood supply from the lumbar and intercostal arteries). Additionally, the scar can be very well concealed if the flap is appropriately designed. In this study, we present our series of patients who were treated with bilateral fasciocutaneous flaps in which at least one regional perforator vessel was preserved.
MATERIAL AND METHODS
Parents of all patients were given information about the surgical techniques before operation, and their approvals were obtained and maintained in accordance with the principles of the World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects" (amended in October 2013). Twenty-four consecutive MMC patients were operated on with this technique between August 2011 and June 2013. All patients' age, gender, concomitant anomalies and other diseases, and size and location of the defect were recorded (Table I) . All patients had surgery in their first five days of life. Dural repairs were performed by the neurosurgery team. A concomitant ventriculo-peritoneal shunt was placed in order to manage prominent hydrocephalus if present. No drains were used in any of the cases. Postoperatively, all patients were followed up in the neonatal intensive care unit for at least 3 days in a prone position.
Operative Technique
The operation was performed under general anesthesia while the patient was lying in a prone position (Figure 1 ). The skin incision was performed along the midline just proximal to the MMC sac. The incision was carried caudally and away from the midline along the side to dissect the sac. A circumferential incision was made around the neural placode by saving as much skin as possible. Dura mater was opened by dissecting the skin and the dorsal fascia. The neural placode was placed into the vertebral column, and a watertight dural repair was made using bilateral turnover dorsal thoraco-lumbar fascia flaps ( Figure 2 ). A bovine dura graft for dura repair was used in one patient who had a double-level defect and sac.
After dural repair, soft tissue reconstructions were performed. In every case, the surgical goal was to cover the defect with tension-free soft tissues in order to create durable, reliable soft tissue closure while maintaining robust blood supply. Doppler ultrasonography was not needed and was not used for perforator marking. The flaps were planned so that the two flaps rotated in opposite directions, and their designs were oriented based on the skin reserve vector to enable closure with minimal tension. Incisions were made from the midline. Meticulous dissection and tissue decollation with scissors were performed carefully from the medial to the lateral, and from the distal to the base of the flaps. Superiorly dorsal intercostal perforator vessels and inferiorly lumbar perforators were isolated and protected, especially at the base of the flaps. Approximations of the flaps to the midline were done. In cases which flaps were needed for more mobilization or for back-cut incision, the perforators located at the distal part of the flaps were cut accordingly. The design and mobilization of flaps should be equal for wound tension ( Figure 3 ). Simple interrupted sutures (4/0 poliglecaprone 25, Ethicon, USA) were used for closure ( Figure 4 , 5).
RESULTS
Twelve of the patients were male and 12 were female. One patient had a double-level sac ( Figure 6 ). Eighteen of the sacs were located in the thoracolumbar region, and six were located in the lumbosacral region. Seven cases had an isolated meningocele sac, and two cases had lumbar kyphosis. Other concomitant anomalies are listed in Table I .
The mean operation time for soft tissue reconstruction was 50 minutes and ranged from 35 to 85 minutes. Intraoperative or postoperative transfusion was not required. The postoperative follow-up period was between eight days and two years with a mean of nine months. Major complications were defined as partial or total flap loss, midline wound dehiscence overlying the neural elements, wound infection leading to meningitis or ventriculitis, and CSF fistula. Minor complication was defined as wound dehiscence that could be healed with wound dressing only. One patient died on the eighth day after surgery because of sepsis related to aspiration pneumonia. One patient had CSF accumulation under the repair zone and was treated by ventriculoperitoneal shunt placement. In another patient, CSF leakage through the repaired incision was observed on the ninth day after surgery. This patient was treated by dural re-repair and ventriculoperitoneal shunt placement. Three patients had minimal wound dehiscence at the distal end of the suture line, and were followed up and healed by secondary intention (Table II) .
DISCUSSION
Neurosurgical principles in repairing MMC are well defined and accepted. These consist of preserving and reducing neural elements to the vertebral column and a four-layer closure that consists of dura, fascia, subcutaneous tissue, and skin. 6 Repairing soft tissue defects immediately after dura closure is critical for the neurological functional outcome, and prevents development of meningitis. 7 McCraw et al. 8 noted that immediate defect repair maximized neurological salvage by preventing both infection and neural desiccation. Most defects can be repaired by primary closure with or without wound edge undermining. On the other hand, approximately 25% of the patients require soft tissue reconstruction. 9, 10 There are many options for the reconstruction of large defects, such as skin grafting, local and regional fasciocutaneous flaps, musculocutaneous flaps, and perforator flaps. 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Skin grafting is a simple technique, but does not provide sufficient tissue to protect neural structures. Infections and ulcerations are also seen in the long-term follow up.
11 V-Y advancement flaps are an option, but require advancing the suture line over the dural repair zone. Suture lines overlying the repair zone make CSF leakage and infection more likely. 13, 14 A major problem with the musculocutaneous flaps is that important muscles (like the latissimus dorsi) are sacrificed, and such muscles might be essential in paraplegic patients. 8, 27 Longer operation time and bleeding are the other problems that should be kept in mind when performing these techniques. 29 Dorsal intercostal and lumbar perforator flaps, which are based on the rich vascular network of the thoracal and lumbosacral area (supplied by perforator vessels), are used to reconstruct large defects of up to 9 cm x 10 cm. 26, 27 The major problems with these flaps are the anatomical variation of their perforator location, as well as the anatomical variation of the vessels' calibration. Also, these perforator flaps are generally designed unilaterally, and this might result in unequal tension distribution at wound sites with the increase of defect size. Reconstruction of defects larger than 9 cm x 10 cm may need skin grafting for flap donor area reconstruction. Additionally, the procedure requires significant experience and specialized surgical equipment.
Therefore bilateral fasciocutaneous transposition flaps are much more preferred in the reconstruction of MMC defects. The donor sites of these flaps are repaired with skin grafts. 12, 30 Cruz used double rhomboid transposition flaps without grafts. 31 Haktanir et al. 32 and Ozcelik et al. 33 used bilateral fasciocutaneous transposition flaps to reconstruct defects of up to 80 cm² without any major complications. This is a simple and versatile technique which only requires a correct and appropriate design. The key point is that skin laxity should be taken into account when planning these flaps.
In this study, combining these two ideas, we created and used fasciocutaneous flaps with at least one perforator vessel. For the superior-based flap, the lumbar or dorsal intercostal perforators were preserved, and for the inferior-based flap the gluteal and lumbar perforators were preserved until the full flap dissection was completed for each flap. Following the dissection, both flaps were mobilized to the defect from equal distances. Where flap mobility diminished because of the perforator vessels, the vessels were cut accordingly from distal to proximal until sufficiently mobilized. The disadvantages of this technique are a large and bilaterally incised area, bilaterally sacrificed donor areas, and increased risk of large dead space. Another disadvantage of the technique is the learning curve. It is very easy to perform the procedure, but flap design is somewhat challenging. If the flap is not planned properly, there will be excessive tension at the distal end of the flaps. We did not need Doppler ultrasonography for perforator marking. At least two or more perforators can be found by careful dissection starting from distal-to-proximal and medial-to-lateral of the flaps. We could reconstruct defects up to 150 cm².
In our study, one patient died on the eighth day after surgery because of aspiration pneumonia proven by x-ray on the second day after surgery. One patient had CSF leakage nine days after surgery with a 3-mm skin fistula at the proximal repair zone of the vertebral column. Dural re-repair was performed and a VP shunt was placed, and the repair zone was covered by a rotation and advancement flap. No recurrence was seen. Three patients had minimal wound dehiscence at the distal wound edges with a maximum size of 2 cm after being discharged from the hospital. They were treated with local wound care and healed within two weeks. Wound complications, including CSF leakage, are a significant cause of morbidity in newborns undergoing MMC repair. Prior studies have reported a rate of CSF leakage after MMC closure in the range of 1-3%. 35, 36 The rate of major flap necrosis requiring debridement, soft tissue rearrangement, or skin grafting has been reported to be in the range of 1-8%. 14, 35 In our study, there was no partial or complete flap loss. CSF leakage and wound dehiscence rates were seen to be consistent with the literature.
CONCLUSION
In this study, 24 patients were treated with the described technique by preserving at least one perforator vessel on each side. We think that bilateral perforator-based fasciocutaneous rotation and advancement flaps are the best choice for closing moderate-to-large defects without using a skin graft.
With accurate and precise design and a careful surgical technique, fasciocutaneous flaps can easily cover large defects without any flap necrosis. 
